The use of valence bond parameter (R ij ) values determined from homoleptic extended solids in the calculations of VBS for divalent zinc, cadmium and mercury metallo-organic compounds resulted in excellent agreement with the formal oxidation state of the metal. But for compounds which involve transition metal ions the calculated oxidation states always are far higher than their formal oxidation states. In this paper, the use of new valence bond parameter, {R ij (T)}, for a series of parent bisdithiocarbamates of nickel(II) improved the VBS value tremendously and the formal oxidation state of nickel is observed to be close to 2.0
INTRODUCTION
With traditional use of the valence bond sum (VBS) method, the oxidation state of a central atom can be determined if the bond valence parameter (R ij ) value and the lengths of the bonds from donor atoms to the central atom are known. The VBS can be extremely useful to all chemists in resolving conflicts regarding oxidation states or in evaluating the results of a crystal structure analysis. The chemist wishing to estimate an unknown bond length in a molecule or crystal is confronted with an intimidating array of covalent radii, ionic radii, metallic radii etc., from which to choose 1 . The bond valence method [2] [3] [4] has recently had considerable success in predicting and interpreting bond lengths in 'ionic ORIENTAL JOURNAL OF CHEMISTRY www.orientjchem.org solids'. As it can be applied to estimate the bond lengths, vice-versa the sum of these bond lengths should give information about the valence of the central ion. Using the crystallographic data reported by our research group, the VBS calculations were made and results were published for a series of zinc, [5] [6] [7] [8] . The VBS investigations for divalent zinc and cadmium dithiocarbamte complexes resulted in excellent agreement with the formal oxidation state of the metal. But for the nickel complexes, involving nickel-dithioocarbamates and phosphorous donor ligands, the VBS values are higher than the expected formal oxidation state of +2. In continuation of our interest in VBS calculations on metal dithiocarbamate complexes, the present anlaysis was undertaken to improve the VBS tremendously on nickel(II)dithiocarbamates by using the new R ij (T) parameter. For this analysis the crystallographic distances for a series of parent nickel dithiocarbamate complexes have been collected from the literature and the VBS results are reported in this paper.
The valence v ij of a bond between two atoms i and j is defined so that the sum of all the valences from a given atom i with valence V i obeys where r i and r j are size parameters of the atom i and j involved in bonding and c i , c j are additional parameters associated with atoms i and j such that R ij = r i +r j -(c i ,c j ,r i ,r j ) and if i = j then f = 0. R ij (B/OK) values reported in references 7 , have also been used in the present calculations.
RESULTS AND DISCUSSION
Valence bond parameters, R ij, available in the literature 7, 9 for Ni-S, Ni-N, Ni-P, Ni-O are obtained from a statistical consideration of a very large number of homoleptic extended solid 7 . Use of those R ij values 7 , for isolated independent molecules of metallo-organic nature yielded very high VBS values leading to erroneous conclusion. Use of R ij values determined from homoleptic extended solids in the calculations of VBS for divalent zinc, cadmium and mercury metallo-organic compounds resulted in excellent agreement with the formal oxidation state of the metal 7, 9 . The observation is a clear case of a more or less ionic interaction prevailing in metalloorganic compounds involving d 10 metal ions.
For compounds which involve transition metal ions such as Mo, Mn, Cu, Fe, Ni the agreement of the calculated oxidation states always are far higher than their formal oxidation states [11] [12] [13] . The bond valence sums for metal ions in isolated independent metallo-organic molecules agreed well with their formal oxidation by the use of a new set of R ij parameters 10, 11 . H. Thorp Table 1 and 2 respectively.
CONCLUSIONS
Valence bond sum (VBS) is used by many researchers to determine the oxidation state of metal ions in solids based on crystallographically determined metal-ligand bond distances. In the transition metal complexes the calculated oxidation states by using R ij (OK/B) and R ij (B/OK) are always far higher than their formal oxidation states. In order to improve the VBS tremendously on a series of nickel(II)dithiocarbamates a new valence bond parameter, R ij (T), is introduced and the formal oxidation state of nickel is observed to be close to 2.0
